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This study assessed biodiversity in the understory of two pine plantations where diﬀerent management tools (fertilizer, prescribed
burning, and herbicide application) were utilized. During three growing seasons, species, percent cover, and number of individuals,
and physical characteristics were recorded. Responses to treatment were examined based on comparison of species richness,
evenness, diversity, and importance. Two years after treatment, fertilized plots showed a decline in species richness, evenness,
and diversity. Prescribed burning and herbicide treatments increased species richness but decreased species evenness, resulting in
no change in diversity index. Herbicide treatment reduced the importance of dominant shrubs and increased the importance of
disturbance-adapted species.
Copyright © 2009 Brian P. Oswald et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
1. Introduction
Preserving biodiversity may be a management objective in
both natural and planted stands [1–3], and The Society
of American Foresters has recommended management of
forestlands to “conserve, maintain, or enhance” biological
diversity [4]. Biodiversity in managed forests was the theme
of a conference in Sweden [5], and Chapin III et al. [6]
demonstrated that as species diversity was reduced, the
ability to tolerate environmental change declined. Several
authors [7, 8] suggested evaluation of three types of biodi-
versity (structure, function, and composition) at the stand
level of forest management, where forest managers have the
greatest aﬀect.
Austin [9] noted that species vary continuously in a mul-
tidimensional space, and respond diﬀerently to environmen-
tal gradients of diﬀerent kinds. Reice [10] found that after
disturbance, evenness is often more aﬀected than richness,
as species rarely are eliminated completely, although major
shifts in dominance are common. Reice also asserted that
biological communities are usually in some stage of recovery
after disturbance, resulting in patchiness (heterogeneity) as
diﬀerent areas are at diﬀerent stages of postdisturbance
succession. This nonequilibrium results in higher species
diversity and allows greater coexistence of similar species
than would be predicted in a state of equilibrium. Species
that are common in disturbed habitats may have value
as wildlife forage and cover, food for migrating birds and
insects, and reservoirs of genetic diversity, so patches of
diﬀerent successional stages can conserve biodiversity at the
landscape level [11].
Pine plantations commonly come under criticism for
replacing biologically diverse natural forest stands with
monocultures of commercially valuable species. These plan-
tations typically are managed without regard for the diver-
sity of plant species that presumably were displaced at
plantation establishment. While some studies [12] have
shown understory biodiversity in managed plantations to be
comparable to that found in naturally reforested areas, others
[3] have shown reduced biodiversity. In comparison to an
undisturbed forest stand, a planted stand after row thinning
can have considerably more light and water reaching the
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understory, creating more heterogeneity on the forest floor
[13] and other management practices could also aﬀect
understory biodiversity.
Several authors [14–17] have studied the long-term
impact of overstory or understory removal on species
diversity and richness, but not in southern pine plantations.
Berendse [17] and Thomas et al. [16] reported decreased
understory vegetation diversity after application of fertilizer,
and McGee et al. [18] found an increase in understory
diversity eight to twelve years after springtime prescribed
burns, while Elliot et al. [19] found diﬀerential responses to
prescribed burning in understory vegetation, with diversity
increasing along a ridge, decreasing at mid slope, and not
changing on low slope sites.
Studies have examined response of understory vegetation
to treatments in power line right-of ways [14], nonindustrial
private lands [15], hardwood clearcuts in the eastern U.S.
[16] and western pine stands [17], while in the southeastern
United States, the impact of pine straw raking on species
richness and composition [20] and the impact of burning,
grazing, and mechanical site preparation on species diversity
[21] in pine communities have been reported.
The objective of this study was to compare the eﬀects
of management treatments on the vegetative diversity in
the understory of two pine plantations. Characteristics
of understory vegetative biodiversity were compared and
changes within community structure were examined in
plots treated with fertilizer, prescribed burns, and herbicide
applications, separately and in combinations.
2. Materials and Methods
In 1999, two study sites with apparently similar soil, aspect,
and slope within loblolly pine (Pinus taeda) pine plantations
managed by International Paper Corporation (designated
Cherokee Ridge and Sweet Union) were selected based on
time since establishment (trees 13–17 years old) and thinned
within the previous 12 months. Both sites were located
in the western Gulf Coastal Plain in southern Cherokee
County, Texas, on Tertiary Sandstone and Shale, in the
Claiborne group (Eocene origin, 58–37 my) [22]. The area
has a mean annual precipitation of 107 cm, mean annual
evaporation of 127 cm, mean annual temperature of 18.9◦C,
mean annual high temperature of 25.3◦C, and mean annual
low temperature of 12.8◦C. Soils found at Cherokee Ridge
were sandy loam and fine sandy loam, moderately well-
drained to well-drained Darco (Grossarenic Paleudults),
Tenaha (Arenic Hapludults), and a poorly drained Osier
(Typic Psammaquents) on a portion of the site. Soil types
identified at Sweet Union were loamy sands and included
Ruston (Typic Paleudults) and Attoyac (Typic Paleudalfs)
[23].
The Cherokee Ridge site was planted with genetically
improved loblolly pine in 1985 and thinned in 1998 to a
basal area of 5.2 m2 ha−1, approximately 48 trees ha−1. The
Sweet Union site was planted in 1982 and also thinned in
1998 to a basal area of 9.0 m2 ha−1, or about 81 trees ha−1.
Each study site was divided into five replicates and each
replicate was subdivided in a split plot design, with a fertilizer
application as the whole treatment and vegetation control
treatments on plots. One half of each replicate was chosen
randomly for fertilizer treatment; the other half remained
unfertilized. Each half was divided into four 0.1 ha treatment
plots, separated by buﬀers ≥10 m, and treatments (control,
herbicide, prescribed burn, or herbicide and prescribed
burn) randomly assigned. A 0.04 ha measurement plot was
nested within each treatment plot.
Herbicide treatment was applied in October of 1999.
The herbicides were applied later than planned due to
dry conditions, but the eﬃcacy of the treatment was not
impaired due to the prolonged potency of the chemicals
used. Ground cover was treated with a tank mix of
Accord
TM
(2.2 L ha−1 at Cherokee Ridge; 2.5 L ha−1 at Sweet
Union), Chopper
TM
(4.5 L ha−1), Sun-It II oil (11.2 L ha−1),
and water (17.7 L ha−1): hardwood trees ≥4 m tall were
treated using Arsenal AL
TM
by “hack and squirt”. A March
prescribed burn was followed by an April application of
Urea and Diammonium Phosphate (DAP) at a rate of
224 kg ha−1 N and 28 kg ha−1 P.
Understory vegetation was identified to species when
possible or to higher taxa (genus or family) following Hatch
et al. [24]. During the time of active growth (May to July
in each year of the study), at least two sets of samples
were taken on each replicate. For each sample set, four
1-m2 quadrats were randomly chosen within the 0.04 ha
measurement plot, and a complete list of all species rooted in
the quadrat recorded. For each herbaceous and shrub species,
percent coverage was estimated categorically (trace; 1%–5%;
6%–10%; 11%–20%, 21%–50%; 51%–75%; 76%–90%; and
90%–100%), and the number of individuals recorded and
defined as stems or clumps, depending on the species. Any
trees within the quadrat were also recorded. Plants were
assigned to one of four layers: herbaceous (up to 1.3 m),
shrub (1.3–3 m), vine, and tree, and grouped into life form
categories (ferns, forbs, graminoids, vines, shrubs, and trees)
for comparative analyses.
Canopy cover was visually estimated to the nearest 10%
directly overhead each quadrat. Areal extent of nonliving
ground cover (litter, coarse woody debris) was classified
in the same coverage classes as vegetation. Data from the
quadrats were combined into a single set for each plot in each
sample. Correlations between the vegetative data and the
treatments were tested using multivariate analysis. Species
richness was determined as the number of species in each
treatment plot, and the Shannon Index of Heterogeneity
was determined for each treatment, and evenness values
were derived. Comparison of diﬀerent treatments was made
based on the Shannon diversity indices as well as richness
and evenness. Multiple analyses of variance were used to
determine diﬀerences in response to treatment for the
identified community types. Response to treatment was
compared for plots classified as an upland type; other
community types were not represented well enough across
treatments for this analysis.
Statistical comparisons were conducted using SAS ver-
sion 8 [25]. Analysis of variance was determined using
General Linear Model Analysis (α = 0.1) to evaluate any
International Journal of Forestry Research 3
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Figure 1
statistical diﬀerences due to treatments, based on species
richness, species evenness and species diversity (using the
Shannon index), percent of ground cover and importance.
Comparisons between sites and between treatment plots
were made before treatment to determine between-site and
within-site homogeneity. First year posttreatment analyses
did not include eﬀects of herbicide, as most plots with
herbicide applied showed little understory growth in the
summer after treatment. Additionally, comparisons between
years were made.
Response to treatment of specific species was also ana-
lyzed. Common species were selected for analysis due to their
ubiquity in many of the plots at both sites in the first year and
included American beautyberry (Callicarpa americana), late
boneset (Eupatorium serotina), poison ivy (Toxicodendron
radicans), and yellow wood-sorrel (Oxalis stricta). Analysis of
data after the second posttreatment year included calculation
of importance values of individual species, determined
from relative dominance (based on percent ground cover)
and relative density (based on number of individuals).
Importance (I) was calculated using dominance (measured
by percent ground cover) and density for each species on
each plot in the monthly sample sets, then averaging the
importance values for each year.
I =
∑
j
(
%Ground cover + density
)
i
n
. (1)
The diﬀerence in I was calculated by subtracting the
1999 value from the 2001 value. A negative value indicates
a decline in importance from 1999 to 2001 (Figure 1).
Herbaceous and shrub species with relatively high impor-
tance values were selected for more complete comparison of
treatment eﬀects.
3. Results
No significant diﬀerences were found in pretreatment species
richness or species diversity between the two sites, even
though species-specific variability between and within sites
existed. In addition, no significant diﬀerences were found in
pretreatment species richness or species diversity for eight
of the ten replicates. The two Cherokee Ridge replicates that
Table 1: Percent of ground cover classes by fertilization and
burning treatments within the first two posttreatment years,
cherokee ridge and sweet union research sites combined, east Texas,
USA. ∗significantly diﬀerent within column at P= .1 from analysis
of various test proc GLM (SAS, ver 8).
Treatment Year 1 Year 2
Unfertilized, unburned 51%–75% 51%–75%
Fertilized, unburned 51%–75% 51%–75%
Fertilized, burned 51%–75% 76%–90%
Unfertilized, burned 21%–50%∗ 51%–75%
Table 2: Percent of ground cover (first two posttreatment years)
for all treatment combinations, cherokee ridge and sweet union
research sites combined, east Texas, USA. ∗significantly diﬀerent at
P = .1 from analysis of various test proc GLM (SAS, ver 8).
Treatment Cover class %
Fertilized, burned 76%–90%
Unfertilized, unburned 51%–75%
Fertilized, unburned 51%–75%
Unfertilized, burned 51%–75%
Unfertilized, burned, herbicide 51%–75%
Fertilized, burned, herbicide 51%–75%
Unfertilized, unburned, herbicide, 25%–50%∗
Fertilized, unburned, herbicide 25%–50%∗
bordered a streambed had steeper slopes, very little under-
story, and a thick layer of pine needles with significantly
lower species richness (F value of 9.96; P <.0001) and species
diversity (F value of 4.62; P= .0003) than the other Cherokee
replicates. No significant diﬀerence was found in species
richness or species diversity among treatments. A significant
reduction in percent ground cover class was identified in
plots treated with prescribed burning but unfertilized (P
<.0001), but this eﬀect was gone at the end of year two
(Table 1). Plots with herbicide applied were not included in
analysis in the first posttreatment year, as most herbicide-
treated plots had little or no vegetation. Expansion to include
the herbicide treatment by year two (Table 2) showed a
significantly lower percent ground cover for those plots that
were unburned with herbicide, with or without fertilizer.
Measures of alpha diversity included Shannon index
of diversity, species richness, and evenness (Table 3). The
untreated control showed a higher level of diversity and
evenness, although there was no significant diﬀerence in
richness except for those fertilized and unburned. The fertil-
ized treatment resulted in significantly lower species richness,
but not diversity. When all treatments were collapsed to
compare individual treatments (Table 4), the diﬀerence
between fertilized and unfertilized plots was still apparent.
Fertilization reduced species diversity and its components.
Burning resulted in higher richness but lower evenness, and
herbicide application resulted in higher richness with no
significant diﬀerence in evenness or Shannon indices.
At Cherokee Ridge, the eﬀect of fertilizer reduced diver-
sity (due to lower richness), but not at Sweet Union, even
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Table 3: Alpha diversity measures combined for all replicates and only the upland replicates (riparian replicates eliminated at cherokee ridge
site), cherokee ridge and sweet union research sites combined, east Texas, USA. ∗significantly diﬀerent at P = .1 from other treatments within
column from analysis of various test proc GLM (SAS, ver 8).
Treatment Shannon index of diversity Species richness Species evenness
All Upland All Upland All Upland
Control 0.92∗ 0.99∗ 16 18 0.77∗ 0.80∗
Fertilized, unburned 0.77 0.76 14∗ 13∗ 0.70 0.70
Unfertilized, burned 0.89 0.83 17 17 0.72 0.680
Fertilized, burned 0.86 0.84 17 18 0.70 0.68
Unfertilized, unburned, herbicide 0.89 0.89 18 18 0.74 0.73
Fertilized, unburned, herbicide 0.84 0.83 16 16 0.71 0.69
Unfertilized, burned, herbicide 0.88 0.81 20 20 0.69 0.63
Fertilized, burned, herbicide 0.83 0.85 19 19 0.66 0.68
Table 4: Main treatment eﬀects on alpha diversity at combined
cherokee ridge and sweet union research sites, east Texas, USA.
∗significantly higher at P = .1 from other treatments within column
from analysis of various test proc GLM (SAS, ver 8).
Treatment Shannon index
of diversity
Species
richness
Species
evenness
Fertilized 0.82 16 0.69
Unfertilized 0.89∗ 18∗ 0.72∗
Burned 0.85 18∗ 0.68
Unburned 0.86 16 0.73∗
Herbicided 0.85 18∗ 0.69
Unherbicided 0.86 15 0.74
though richness was significantly lower due to fertilization.
Burning increased richness, but not evenness or diversity, at
both sites. Herbicide application resulted in higher richness
but lower evenness at Sweet Union and also lower richness at
Cherokee Ridge (Table 5).
Changes in importance across all treatments from 1999
to 2001 for some species were found (Table 6); species were
selected based on high importance values in either 1999
or 2001 and are arranged in order of declining importance
in 1999. Species that increased in importance at both
sites included American beautyberry and yellow wood-
sorrell; these were the only two measured that increased
in importance at Cherokee Ridge. Species that increased in
importance at Sweet Union yet declined at the other site
were ragweed (Ambrosia artemisifolia), mustang grape (Vitis
mustangensis), and yaupon (Ilex vomitoria).
4. Discussion
Reduction in ground cover was temporary and all treatments
showed the same percent of ground cover after two years
other than herbicide alone, with or without fertilizer. Species
richness and evenness, and therefore the Shannon index
of biodiversity, declined in response to fertilization. Species
richness increased after burning or herbicide application,
while species evenness declined after both treatments.
At Cherokee Ridge, the untreated control had signif-
icantly higher species evenness and Shannon index only
when comparing the upland plots, and at Sweet Union,
the fertilized plots had a significantly lower Shannon index
than all other treatments on the upland plots. The response
to combined burning and herbicide application, with or
without fertilizer, was a significantly greater species richness,
species evenness, and biodiversity (without fertilizer).
The elimination of all but upland areas from analysis
skewed the data in some aspects such as noted for late
boneset (Eupatorium serotinum) and yellow wood-sorrell
at Sweet Union, for which there was a large diﬀerence
for upland plots compared to all plots: not surprising for
late boneset, as this species was more common on upland
areas. At Cherokee Ridge, late boneset increased significantly
only after herbicide application and burning, whereas yellow
wood-sorrel’s importance was significantly higher after fer-
tilization, alone or in combination with burning. Dewberry
(Rubus spp.) also showed a diﬀerence in significance when
comparing all plots to just upland plots; in this case, the
Fertilizer, Herbicide treatment was significantly diﬀerent for
all plots, but that diﬀerence was not seen in the single
upland plot, where Dewberry was not an important species
to begin with. Other species more common on upland areas
included goatweed (Croton capitatus), green indigo (Baptisia
sphaerocarpa), ground-cherry (Physalis spp.), and ragweed.
Goatweed increased in importance after fertilization, with or
without burning. Green indigo, ground-cherry, and Virginia
creeper (Parthenocissus quinquefolia) all increased in impor-
tance only after herbicide application without fertilization,
but their patchy, limited distribution at the outset might
have skewed these results. Ragweed and late boneset both
showed a greater increase after a combination of herbicide
application and burning, but both of these species had
patchy distribution and did not consistently appear on
all subplots treated with both herbicide application and
prescribed burning.
Another change was the reduced importance of larger
woody species (American beautyberry, yaupon) after herbi-
cide application. The dramatic decline in dominance of large
individuals after herbicide application was not oﬀset by the
increased numbers of new seedlings, an eﬀect that would not
International Journal of Forestry Research 5
Table 5: Site-specific understory measures of alpha diversity, cherokee ridge, and sweet union research sites, east Texas, USA. ∗significantly
diﬀerent from all other treatments within column; +significantly diﬀerent from the other site from analysis of various test proc GLM (SAS,
ver 8).
Treatment Shannon index of diversity Species richness Species evenness
All plots
Cherokee Sweet Cherokee Sweet Cherokee Sweet
ridge union ridge union ridge union
Control 0.91 0.94 16 17 0.76 0.77
Fertilized, unburned 0.73 0.81 16 11∗ 0.61 0.79
Unfertilized, burned 0.82 0.96 17 18 0.67 0.77
Fertilized, burned 0.79 0.92 17 17 0.66 0.74
Unfertilized, burned, herbicide 0.87 0.91 16 19 0.74 0.73
Fertilized, unburned, herbicide 0.81 0.86 14+ 17 0.72 0.69
Unfertilized, burned, herbicide 0.88 0.88 18+ 21∗ 0.70 0.67
Fertilized, burned, herbicide 0.76 0.91 15 23∗ 0.65 0.67
Upland plots
Control 1.01∗ 0.98 18 18 0.80∗ 0.80
Fertilized, unburned 0.77 0.75∗ 16 11∗ 0.65 0.76
Unfertilized, burned 0.73 0.93 16 18 0.61 0.75
Fertilized, burned 0.76 0.92 19 17 0.61 0.74
Unfertilized, burned, herbicide 0.86 0.91 16 19 0.73 0.73
Fertilized, unburned, herbicide 0.78 0.87 14+ 18 0.69 0.69
Unfertilized, burned, herbicide 0.85 0.78∗ 18+ 22∗ 0.68 0.58∗
Fertilized, burned, herbicide 0.81 0.89 16 22∗ 0.69 0.66∗
Table 6: Change in importance values (IV) of herbaceous and
shrub species at cherokee ridge and sweet union research sites,
east Texas, USA between 1999 (pretreatment) and 2001 (2 years
posttreatment. ∗significantly diﬀerent at P = .1 from analysis of
various test proc GLM (SAS, ver 8).
Sweet union Cherokee ridge
Species 1999 2001 1999 2001
American beautyberry 4 10∗ 6 24∗
Poison Ivy 8 7 6 0
Grape 5 13∗ 2 1
Ragweed 5 13∗ 3 0
Smilax 4 2 5 1
Yellow wood-sorrell 2 6∗ 3 8∗
Yaupon 4 7∗ 2 1
Mulberry 2 1 — —
Blackberry — — 2 0
Virginia creeper — — 2 1
Bitterweed — — 2 0
occur in species whose size at maturity is not that diﬀerent
from one- or two-year-old plants.
5. Conclusions
The impact of fertilizer in reducing biodiversity is well
known across diﬀerent ecosystems, including aquatic sys-
tems. The increases in IV seen in this study were most pro-
nounced in American beautyberry and yellow wood-sorrell
at Cherokee Ridge and in ragweed, American beautyberry,
yaupon, and yellow wood-sorrell at Sweet Union. All of
these species have significant wildlife value, so although the
application of fertilizer could arguably be criticized as a
management practice that enhances productivity of the crop
tree at the expense of maintaining understory diversity, the
increase in dominance of species with value to wildlife might
oﬀset the criticism.
Although there was no consistent trend in this study
that indicated an increase in alpha diversity after vegetative
control treatments, there was considerable evidence that
diversity can increase in some circumstances. Species rich-
ness increased at both sites after burning and at Sweet Union
after herbicide application, indicating that disturbance was
followed by colonization by a greater number of species than
were found before treatment. This data could support forest
managers in decisions that must incorporate the value of
maximizing diversity along with optimizing productivity in
timber management.
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